'"phe occurrence of diatomic ions of the rare gases has been noted by several experimenters (29, 30, 43) , but for a number of years the exact nature of the processes leading to their formation was not understood.
in an effort to ascertain whether heteronuclear diatomic ions could be formed. Thus, Pahl and Weimer (36, 37) observed HeNe + in a glow discharge but failed to find HeAr + or NeAr + in mixtures of those gases.
Fuchs and Kaul (13) studied NeAr + and ArKr + , and the latter was examined in greater detail by Kaul, Lauterbach, and Fuchs (21) . Kaul and Taubert (22) reported ArXe + and KrXe + . Munson, Franklin, and Field made a rather complete study of the diatomic ions of the rare gases taken alone and in combination (35) . They found that all of the possible rare gas diatomic gas ions are formed, and they measured appearance potentials of all except HeXe + , which was formed in such small amounts that an appearance potential could not be determined satisfactorily. Table I gives all of the results of these studies as well as of the appearance potentials measured for the rare gas diatomic ions from the literature. It is surprising that, considering the relatively small intensities of these ions, there has been such good agreement among the measured appearance potentials.
Before discussing these measurements it would be of interest to note the shape of a typical ionization efficiency curve for a rare gas diatomic ion ( Figure 1 ). This curve is reminiscent of the excitation curve for optically forbidden transitions by electron impact and is quite different from the typical ionization efficiency curve for the formation of monatomic ions by electrons, also shown in Figure 1 for comparison. As will be discussed in more detail later, the diatomic ions in all cases were second order in pressure. Further, the molecular-ion formation was independent of field strength, and thus the possibility of their formation by ion-molecule reactions is eliminated. Thus, we conclude that Hornbeck and Molnar's (18) interpretation of their observations applies broadly and that the heteronuclear diatomic ions are formed by the following generalized reaction:
It will be of interest to note the appearance potentials of the heteronuclear ions in Table I . In each case the appearance potential is greater than the ionization potential of the constituent atom of lowest ionization potential so that the reaction must always involve an excited state of the atom of highest ionization potential. In all of the heteronuclear molecular rare gas ions the energy at which the ion appears is greater than one of its possible decomposition asymptotes. There is thus a problem of understanding why such a molecular ion should be stable. There seems no doubt that they are, and we think that Figure 2 will illustrate the reason. Consider the case of HeNe + . Presumably, the interaction of Ne + with helium is repulsive, whereas that of He + with Ne is attractive. However, the noncrossing rule, as illustrated in Figure 2 , results in a minimum in the potential energy curve which enables the ion to exist in spite of its energy.
In Table I Perhaps it is this state that is responsible for the lower appearance poten tial of HeAr + . A similar result is found with NeXe + , whose appearance potential at 16.0 volts is well above the ionization potential of xenon and definitely below the lowest state of neon. Presumably, similar considera tions would apply, but there have been no excited states of xenon reported to our knowledge.
The following reactions thus appear to account for the various rare gas diatomic ions:
He* + Ne -» HeNe* + e (4)
Ar* + He -> HeAr* + e (?)
He(2s3S) + Kr -> HeKr* + e
Ne* + Ne -> Ne2* + e
Ne ( siderably below the ionization potential; hence, one concludes that in all probability it is the large cross section for excitation of the X P states that determine the appearance potential of the diatomic ion. Thus, the 3 3 P, the 3*S and 3 3 S, while being energetically capable of reaction, are present at low energies in such small amounts as to be undetectable. The 2 1 P state is of too low an energy to form the diatomic ion and thus, the appearance potential is limited to the 3*P state whose energy of 23.09 e. v.
above the ground state corresponds closely to the average appearance potential determined by various mass spectrometrists for the diatomic ion.
States of higher energy may contribute but would not be detected at onset.
Until now the discussion has been limited to rare gases. Although 
Hg* + H20 -» HgH20 + + e Hg* + NH* -> HgNH3 + + e
Hg* + CH4 -> HgCH4 + + e
Hg* + C2H2 -> HgC2H2 + e
Hg* + CH3OH -» HgCH40 + + e thus that the ions resulted from a chemionization reaction. These ions exhibited second-order dependence on pressure, and their intensities were independent of field strength; hence, they are clearly formed by a chemionization reaction. The N4 + and C202 + ions were present in rather small intensities even at 300 microns pressure. When the pressure was reduced to 70-80 microns, they could no longer be detected. If, at this pressure of nitrogen, argon was then added in approximately equal amounts, N4 + reappeared and along with it ArN2 + was observed. A pressure study
showed that ArN2 + depended on the first power of the pressure of each reactant and that N4 + depended on both the first power of the argon pressure and second power of nitrogen pressure. Further, N4 + formation depended upon field strength, suggesting that an ion-molecule reaction was involved. Clearly then, the N4 + appears to have been formed from the ArN2 + ion. The appearance potentials all correspond to that of Ar2 + , and indeed the Ar2 + ion is reduced as the nitrogen pressure increases.
Thus, it is evident that the same states which lead to Ar2 + lead also to 
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Rates of Chemionization Reactions
In studies of ion-molecule reactions it is relatively simple to obtain explicit determinations of reaction rate because the mass spectrometer clearly identifies and provides quantitative analysis for both reactant and product ions. Unfortunately, in chemionization processes the reactant is not charged and, hence, cannot be observed directly. The reactant must be inferred from other observations, and its quantitative measurement must be obtained indirectly. The most obvious approach is to relate the intensity of the diatomic ion to that of the monatomic ion which cannot undergo reaction at moderate pressures. Dahler et al. (10) employed this device in studying the rates of chemionization reactions of helium, neon, and argon to form the diatomic ions. They considered the reaction mechanism to be is follows. 
Assuming the steady state to apply to Ar* we find <^> = ί£τ$£) (35) Where L refers to electron current
Dividing (36) by (35) where we assume the observed ion intensities are proportional to concen tration and with the same constant of proportionality. 7 Ar + From Equation 39 it will be observed that a plot of 7-r--against the reciprocal of pressure should give a straight line whose intercept isand whose slope is -. Plots of experimental data did indeed give straight lines, and in Table II Reasonable values of tu would be in the range of 10" 6 to 10" 8 seconds so
that kr would necessarily be in the range of 10" 10 to 10" 8 cc./molecule sec.
Such rate constants would be comparable to those for ion-molecule reac tions or at the upper limit would exceed by a factor of 10 the rates of the fastest ion-molecule reactions. In the studies of Table III .
Ions in Flames
Flames formed by combustion of hydrocarbons with air or oxygen contain an abundance of ions, whereas hydrogen-oxygen flames have few ions, if any. In neither case is the temperature sufficiently high to bring about ionization thermally, and so one must conclude that ionization results from chemical reaction-i.e., from chemionization. The exact nature of the reaction has not been established, but in many cases free radicals formed from hydrocarbons seem to be involved. This suspicion is strengthened by the fact that adding a small amount of hydrocarbon to a hydrogen-oxygen flame brings about a great increase in ionization.
In all flames involving hydrogen or hydrocarbons the most abundant ion is H30 + followed by NO + when nitrogen or nitrogen-containing fuels are present. In addition, many hydrocarbon ions are usually present, one of the most interesting being 03Η3 + , which is suspected of having a cyclic structure. The subject of ions in flames has been extensively studied (24, 40, 42) and will not be reviewed here. However, most scientists con cerned with the problem now think that chemionization produces the initial ions and that these then react with various neutral molecules and free radicals present to produce various ionic species.
Although the exact nature of the initial reaction has not been estab lished, there is some evidence and a considerable body of opinion that the initial reaction is (3, 12, 41) CH + Ο -» CHO + + e
The CHO + ion can react with water as follows CHO + + H20 -» CO + H:iO +
and with other hydrocarbons and oxygen containing compounds in a variety of ways.
Ionization has also been observed in other types of flames or high temperature environments. Thus, Gatz et al. (15, 16) In this laboratory we have found that ionization occurs when benzene is added to the nitrogen afterglow, but neither the ions nor the process of their formation has been identified. Ions also occur in shock waves and probably are formed by chemionization. However, the scope of this paper does not permit a discussion of these processes.
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